ABC Promoter up Regulation Using TNT and Kangenyacin by Pomeranz, Marcelo Christian
University of Tennessee, Knoxville
Trace: Tennessee Research and Creative
Exchange
University of Tennessee Honors Thesis Projects University of Tennessee Honors Program
Spring 5-2005
ABC Promoter up Regulation Using TNT and
Kangenyacin
Marcelo Christian Pomeranz
University of Tennessee - Knoxville
Follow this and additional works at: https://trace.tennessee.edu/utk_chanhonoproj
This is brought to you for free and open access by the University of Tennessee Honors Program at Trace: Tennessee Research and Creative Exchange. It
has been accepted for inclusion in University of Tennessee Honors Thesis Projects by an authorized administrator of Trace: Tennessee Research and
Creative Exchange. For more information, please contact trace@utk.edu.
Recommended Citation
Pomeranz, Marcelo Christian, "ABC Promoter up Regulation Using TNT and Kangenyacin" (2005). University of Tennessee Honors
Thesis Projects.
https://trace.tennessee.edu/utk_chanhonoproj/907
ABC promoter up regulation Marcelo Pomeranz 
using TNT and kanamycin 04/26/05 
*Department ofPlant Sciences, University ofTennessee, 2431 Joe Johnson Drive, 
Knoxville, TN 37996-4561, USA * 
Introduction 
2,4,6-trinitrotoluene (TNT) is a powerful explosive used in many antipersonnel 
landmines. Millions of landmines left over from military campaigns have caused over 
250,000 permanent disabilities around the world (Schwab et aI1997). Finding cheap and 
effective ways to identify forgotten or lost landmines would be of incredible military and 
humanitarian use. Dr. C.N. Stewart's Lab at the University ofTennessee Knoxville, in an 
attempt to provide a solution to landmine and other chemical detection problems, has 
focused its research on the production ofphytosensors. Phytosensors are plants that are 
able to recognize a certain chemical or condition in their environment and produce 
phenotypic changes in response to their targets. These plants, if complete, would help 
detect various chemicals by fluorescing or glowing in the presence of their target inducer. 
Dr. Stewart's lab began studying the ATP Binding Cassette (ABC) promoter 
At3g55130, part of a large family ofABC genes related to plant stress in hopes of finding 
potential phytosensing sequences. Using cDNA Microarrays, this promoter was found to 
be up regulated in the presence ofTNT (Ayalew et aI., In press). Dr. Stewart's lab set out 
to perform various experiments in order to confirm upregulation of the ABC promoter 
and determine its use as a TNT phytosensor. Using the green fluorescent protein (GFP) 
reporter gene as a detection tool for ABC promoter up regulation, the viability of the 
ABC promoter as a phytosensing sequence could be determined. 
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Prior to the following experiments, an ABC GFP plasmid was constructed using a 
commercially available pBin m-GFP5-ER plasmid. The plasmid contained a kanamycin 
resistance gene as well as a constitutive cauliflower mosaic virus 35S promoter regulating 
the production of a GFP gene (Figure 1). The ABC plasmid was constructed by 
removing the constitutive 35S promoter and replacing it with the ABC promoter. This 
newly constructed plasmid was then used to transform tobacco plants which were 
cultured until T1 generation was available for study. This paper presents several areas of 
research including: TNT kill curve, PCR analysis, Analysis on T 1 and T2 homozygous 
ABC GFP plants. 
35S promoter ABC Promoter 
ABCGFP 
pBin m-GFP5­ plasmid
ER35S Construct 
A. 
(Plasmid tested) 
FiQure 1 
Figure 1. Plasmids used in tobacco transformation. A. commercially available plasmid 
with constitutive 35S promoter. B. ABC plasmid with 35S promoter removed and ABC 
promoter added. 
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Materials and Methods 
Kill Curve: 
In order to detennine the level of TNT to which plants would be exposed in future 
experiments, a TNT-tobacco kill curve experiment was designed. 
Sterilization: Wild-type Nicotiana tabacum c.v. Xanthi seeds were first sterilized 
by filling 1.5n1l eppendorftubes with seeds and then washing them with a 
solution of 10% bleach 1 % Tween 20 for 5 minutes in an rotary shaker. The seeds 
were then washed with 70 percent ethanol for one minute and then rinsed with 
deionized sterile water three times to remove any remaining bleach or ethanol. 
Plating: These seeds were then placed on MSO (Murashige and Skoog 1962) 
media containing varying concentrations ofTNT (5 uM to 75 uM in 10 uM 
increments). The seeds were placed six per plate within the grid (figure 3)in 
Fisher square Petri dishes in order to later measure root length. 
Growth: In order to avoid contamination from possible freestanding pooled 
media at the bottom of the growth container, Petri dishes were raised over a grid 
placed at the bottom of the container (Figure 2). The seeds were allowed to grow 
for four weeks in a growth chamber while root measurements were taken and data 
compiled every 3 days. 
Figure 2. Container used in growth chamber 
to avoid contamination ofkill curve plants. 
Grates at bottom of container raised plates 
from freestanding pooled media. 
container Figure 2 
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PCR: 
Polymerase chain reaction (PCR), a method by which to exponentially multiply or 
expand the number of copies of a section ofDNA, was used to prove the presence of the 
ABC GFP promoter in T 1 plants. 
PCR- DNA from various T1lines was extracted by doing the following. 0.2 
grams of leaf tissue were collected in eppendorf tubes and submerged in liquid 
nitrogen for 10 seconds. Plant material in these tubes was then macerated using metal 
bb's and high powered shakers. Next, 500 ul ofCTAB and 3 uls of2­
mercaptoethanol were added to each tube. The tubes were then shaken for 5 minutes, 
and allowed to sit for another 5 minutes. The eppendorf tubes were next centrifuged 
for 5 minutes at 8000 x G. The aqueous upper phase was then transferred to a fresh 
nlicrofuge tube where DNA was precipitated by adding 2 volumes of ice-cold ethanol 
and centrifuging for 30 minutes at 10,000 x G. Finally the pellets formed were 
allowed to air dry and were then resuspended in 100 ul sterile deionized water. 
The PCR was performed under the following conditions. Primers for this reaction 
were made from previous sequencing of the ABC promoter and were thus highly 
specific. In addition a master mix was used containing all dNTP's and chemicals 
necessary was used (Table 1). 
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ABC PCR conditions table 
ul 
mix for 
8 
DNA 1 
PCR master mix 12.5 100 
ABC Fwx/ ABC prom Fwd 1.5 12 
ABC Rev/ABC promRev 1.5 12 
H2O 8.5 68 
Final vol 25 200 
Primers 50pmol/ul 
PCR conditions 
95 degrees 2min 
95 degrees 1min 
40 degrees 1min 
72 degrees 4min 
go to repeat for 10 cylces 
95 degrees 1min 
55 degrees 1min 
72 degrees 4min 
go to repeat for 25 cylces 
72 degrees 
20 
min 
Table 1. Shows amounts of reagents 
and conditions for ABC promoter 
polymerase chain reaction. Master 
mix was used containing all 
reagents and dNTP's 
Table 1 
The Products from this reaction were then run in a 0.8% agarose gel with 0.01 % of 
EtBr. 
ABC promoter induction: In order to test the up regulation levels using GFP as a 
marker, Tl ABC GFP transgenic plants were allowed to grow in Magenta G7 boxes 
containing either TNT or kanamycin inducers. Both TNT and kanamycin were 
considered potential up regulators of the ABC promoter. 
T 1 ABC promoter induction- Several lines were chosen and grown in MSO media 
containing kanamycin at a concentration of 200mg/L (Kan 200) in order to select 
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for plants containing the ABC promoter. This was done to screen for transgenic 
plants. ABC GFP transgenic plants would survive, while non-transgenic Xanthi 
plants would die under the Kan 200 media (Figure 1). These plants were then 
transferred to larger sterile plastic vessel Magenta boxes (Mag boxes) containing 
10uM TNT and Kan 200 as potential inducers of the ABC promoter. In addition 
transgenic 35S GFP plants and Xanthi wild type plants were used as positive and 
negative controls respectively. Experimental setup consisted of 2 TNT, 1 Kan200 
and 2 MSO Mag boxes per line. These plants were carefully monitored for 3 
weeks for GFP florescence and later were taken through protein extraction, 
quantification and Western Blotting . 
T2 ABC promoter induction- Lines that showed strong fluorescence in the Tl 
induction experiment were selected to be taken to T2 generations. Out of these, 
plants homozygous for the ABC GFP expression cassette were chosen to repeat 
the induction experiments. Experimental design this time consisted of 4 Mag 
boxes of each n1edia kind (TNT, Kan200, and MSO) for each line as well as 
transgenic 35S GFP positive control and Xanthi wild type negative controls. 
Plants were once again screened daily and later had protein extractions and 
analyses perforn1ed* 
*Results from T2 (fluorescence, and Western) are not yet available. 
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Results: 
65umTNT5 umTNT 25umTNT 
Figure 3 I 
Figure 3. Kill curve ofXanthi seeds in media containing TNT. Higher concentrations of 
TNT detrimentally affected root and plant growth. Grid on Fisher square Petri dishes was 
used to measure root length 
Root Growth vs. TNT con centra ton 
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Figure 4. Bar graph of root length vs. TNT concentration shows effects ofTNT of 
varying concentrations on Xanthi plant growth. 
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PCR electrophoresis gel showing the presence ofABC promoter (From Post ligation 
E. Coli Colonies) 
Figure 6, ABC promoter PCR in Escheria coli 
cells post-ligation ofplasmid. Notice the presence 
of the ABC plasmid In ABC GFP E.coli lines post 
ligation of the ABC promoter into the GFP 
plasmid. Also note the lack ofbands in the water 
lane showing no primer dimerization. 
A Ecoli with post ligation plasmid 
B Ecoli with post ligation plasmid 
C Ecoli with post ligation plasmid 
0 Ecoli with post ligation plasmid 
E ABC promoter 
F Deionized water 
G Ladder 
*Note that similar procedure was followed to prove the existence ofABC plasmid in Tl 
lines used in experiments below. Lines did show ABC GFP bands which coincided with 
our positive control ofpure plasmid. Also there were no bands in the water lane proving a 
successful PCR. (Data not shown). 
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Table 2 GFP Expression Chart 
Line # of expressing plants on MSO 
# of expressing 
plants on Kan 
# of expressing 
plants on TNT Total 
9--4 4 1 1 6 
15--1 3 0 0 3 
3--1 1 0 1 2 
5--2 2 2 4 8 
7--3 4 4 0 8 
Table 2. Chart from T2 Generation GFP induction experiment. Shows number of 
fluorescing plants per line in each media. Notice Little Correlation with presence ofGFP 
and Induction (TNT and KAN) 
Comparison Between Induced, Non Induced and 35S Tobacco 
Figure 7. Picture ofABC GFP induced, non-induced plant as well as 35S GFP Plant. 
Notice the distinct fluorescence ofGFP on adventitious roots appearing in Induced ABC­
9 
GFP. Visible fluorescence in all ABC GFP expressing plants seems to be limited to 
adventitious roots. 
Discussion 
These experiments, while not yet finished, have not revealed a clear correlation 
between up regulation of the ABC promoter and the presence ofTNT or kanamycin. Kill 
curves performed, pointed to the use of 10 uM of TNT for induction experiments. It was 
necessary for TNT to be at high enough levels at which the plant would absorb and 
metabolize it, but low enough to keep its poisonous effects as low as possible. As can 
been seen from the curve (as well as from previous kill curve data also shown) TNT 
began noticeably affecting plant growth around 10 uM. 
In order to prove the presence of the ABC promoter in transgenic ABC GFP 
tobacco plants, Tllines were grown independent of other experiments in Kan 200 
selection media for PCR analysis. PCR gels from these ABC lines clearly showed the 
presence ofABC promoter in all tested ABC lines. In addition, during the ABC induction 
experiments, fluorescence could be seen in ABC GFP plants and not in negative Xanthi 
controls confirming the presence of the ABC GFP cassette. Negative controls ofnon­
transgenic Xanthi tobacco and positive controls of 358 GFP were used during the 
induction experiment. Xanthi demonstrated no green fluorescence under UV light while 
the 358 GFP transgenic tobacco were highly fluorescent (Figure 7). However, expression 
from ABC GFP lines was limited. ABC GFP lines showed clear fluorescence under UV 
light only in adventitious roots. Unlike positive control 358 transgenic plants, ABC GFP 
showed no visible fluorescence from meristem or leaf tissue (Figure 7). The reason for 
this differential tissue expression is not clear except to suggest that the ABC GFP 
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promoter was weaker than the 35S and did not lead to enough GFP production to show 
through meristem and leaf tissue. There are some circumstances which should be pointed 
out which could very well have affected the results of this experiment. Most significantly, 
it is important to point out that kanamycin was used as the selection marker for the ABC 
GFP cassette (Figure 1). That is, all ABC GFP transgenic plants contained a Kan 
detoxification gene which continually alleviated plants ofkanamycin effects. Thus 
results stemming from induction ofABC GFP transgenic plants with kanamycin could be 
affected. 
So far results regarding ABC promoter up regulation with TNT have been 
inconclusive. These results may we warrant further study of how ABC promoters are be 
up regulated. However the low promoter strength and seemingly un-correlated expression 
with TNT and kanamycin indicates that their use as phytosensors is, at least currently, 
limited. 
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